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DillABSTRACT
Objective: To evaluate the antiglycation and antioxidant properties of the dill tablet, an
herbal product used in Iran as a hypolipidemic medicine.
Methods: In this descriptive study, the antioxidant and antiradical properties of dill
tablet at different concentration (0.032, 0.065, 0.125, 0.25, 0.5 and 1 mg/mL) were
measured. The total phenolic, ﬂavonols and ﬂavonoid, alkaloids, anthocyanin, tannin and
saponin contents in dill tablet were determined. Furthermore, antiglycation properties of
dill tablet were assayed. In the in vivo experiments, male rats were randomly divided into
three groups (n = 6): Group 1: normal rats; Group 2: diabetic rats; Group 3: diabetic
rats + 300 mg/kg dill tablet, and Group 4: diabetic rats + 100 mg/kg dill tablet. After 2
months, the blood glucose was measured enzymatically and advanced glycation end-
products (AGEs) formation was determined using a ﬂuorometric method.
Results: Our results illustrated that different concentrations of dill tablet had signiﬁcant
antioxidant activity. Dill tablet markedly declined AGEs formation and fructosamine
levels (P < 0.001) compared with glycated sample. Oxidation of protein carbonyl and
thiol group was signiﬁcantly reduced by dill tablet in a dose dependent manner
(P < 0.001). Formation of amyloid cross-b and fragmentation were markedly inhibited by
dill tablet (P < 0.001) compared with glycated sample. After 2 months, fasting blood
glucose levels (P < 0.001) and AGEs formation (P < 0.05) were signiﬁcantly reduced by
dill tablet in diabetic animals.
Conclusions: Dill tablet exhibited signiﬁcant antiglycation and antioxidant activities.
This study provides a scientiﬁc basis for using dill in treatment of diabetic patients.1. Introduction
Diabetes mellitus is a chronic metabolic disorder which is
recognized by declining or dysfunction of insulin leading to
hyperglycemia [1]. The World Health Organization estimated
that in 2030 about 366 million people will suffer from
diabetes mellitus [2]. The chronic complications of diabetes
include microvascular damage, kidney failure, heart disease,
nerve damage, and blindness [1]. One of the main ways
triggering diabetes complication is a chronic rise of bloodglucose which causes advanced glycation end-products
(AGEs) formation [3,4]. Proteins glycation is accepted as the
central molecular basis of several complications including
diabetic nephropathy, retinopathy, neuropathy and heart
diseases [4,5].
Studies have conﬁrmed that natural antioxidants play a sig-
niﬁcant role in the prevention and treatment of metabolic dis-
orders [6–10]. Subsequently, drugs of herbal origin are now
getting an exceptional interest for this issue, because of its low
cost, low adverse effect and many useful properties [10,11].
Anethum graveolens (dill) is used in the traditional medicine
for treatment of digestive disorders, bad breath, lactation
motivation, and also as hypolipidemic agent. Currently, many
experiments have shown that dill has many useful properties
such as anticancer, antimicrobial, antigastric irritation, anti-
inﬂammatory, and antioxidant activities [12]. Dill tablet (DT)
used in Iran as hypolipidemic agent consists of Anethum
graveolens (68%), Cichorium intybus (5%), Fumariapen access article under the CC BY-NC-ND
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rich source of ﬂavonoid, phenolic, terpene, saponin, tannins
and cardiac glycosides, which are responsible for beneﬁcial
effects of this plant [12]. Administration of dill in the animal
models, diabetic patients, hyperlipidemic patients and patients
with metabolic syndrome markedly reduced blood glucose,
total cholesterol, triglyceride, very-low-density lipoprotein
cholesterol, low-density lipoprotein cholesterol; also it increased
high density lipoprotein cholesterol levels [9,14–16]. However, the
antioxidant and antiradical properties and also inhibitory effect
of DT on protein glycation have not been reported. Therefore,
this present study was conducted to evaluate the antiglycation
and antioxidant properties of DT.
2. Materials and methods
All reagents were from Sigma–Aldrich and Merck. DT was
purchased from Iran Darouk Company (Iran). A spectropho-
tometer (JENWAY 6105 UV/Vis) was used for all colorimetric
assays.
2.1. Total antioxidant capacity
2.1.1. Ferric reducing antioxidant power (FRAP)
The FRAP of DT was tested using method described by
Setorki et al. with slight modiﬁcations [17].
2.1.2. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity assay
The antioxidant activity of DT was determined via assay of
the stable DPPH free radical scavenging activity according to the
previously published study [18].
2.1.3. Superoxide anion and hydrogen peroxide
scavenging activity
Superoxide anion scavenging activity was evaluated using nitro
blue tetrazolium according to method of Dadashpour et al [19]. The
hydrogen peroxide scavenging activity of DT was determined
according to the method described by Gu¨der and Korkmaz [20].
2.1.4. Reducing power and ferrous ions chelating
capacity
Reducing power and ferrous ions chelating capacity was
tested according to a previously published report [18].
2.1.5. Nitric oxide (NO) scavenging activity
This activity of DT was determined spectrophotometrically
using Griess reagent (1% sulphanilamide, 2% phosphoric acid
and 0.1% of N-1-naphthylethylenediamine dihydrochloride) [21].
2.2. Phytochemical properties
The amounts of total alkaloids and total tannins, phenolic, ﬂa-
vonoids and ﬂavonols, saponin and anthocyanin were determined
according to the methods of previously published papers [22–24].
2.3. Glycation of bovine serum albumin (BSA)
Glycation of BSA was performed according to a published
paper [25]. Brieﬂy, DT in different concentration (0.25–2 mg/mL)was added to the solution containing: BSA (10 mg/mL), fructose
(200 and 500 mmol/L), sodium azide (0.02%) in 0.1 mol/L
phosphate buffer (pH 7.4). The mixture was incubated at 37 C
at dark for 1, 2, 3, and 4 weeks. After that, glycated samples
were dialyzed for 48 h and the ﬂuorescence intensity was
determined at 335 nm excitation and 460 nm emission
wavelength using a spectroﬂuorometer (Jasco FP-6200). Amino-
guanidine was used as a positive control for glycation inhibition.
2.4. Determination of fructosamine
The formation of fructosamine (Amadori product) was
determined by using nitroblue-tetrazolium dye, after 1, 2, 3, and
4 weeks of incubation at 37 C [25].
2.5. Determination of protein carbonyl content
Carbonyl content of prepared glycated protein which known
as a marker of protein oxidative damage was measured using
2,4-dinitrophenylhydrazine according to the previously reported
method [25].
2.6. Determination of the thiol group
The assay was based on Ellman's reaction with small modi-
ﬁcations using 5, 50-dithiobis (2-nitrobenzoic acid) according to
method of Caengprasath et al [25].
2.7. Protein aggregation
Amyloid cross-b structure which is known as an indicator of
protein aggregation was measured by colorimetric method using
Congo red dye according to a prior published paper [26].
2.8. Protein fragmentation
The analysis of protein fragmentation was assessed by so-
dium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Brieﬂy, 1 mg of DT was added to the mixture which
contained 200 mmol/L fructose, 10 mg/mL of BSA and
100 mmol/L copper ions (as a catalyst) at 37 C for 1 week [27].
A sample of the prepared solution was subjected to SDS-PAGE,
and visualized using Coomassie brilliant blue.
2.9. In vivo studies
Twenty four male rats with average weight between 240 and
260 g were used for this experiment. The rats were kept at 12 h
light/12 h dark cycles at temperature of (22 ± 1) C. Following
10 days of acclimatization in animal house, animals were
randomly divided into 4 groups: Group 1: control animals;
Group 2: diabetic animals; Group 3: diabetic rats +300 mg/kg
DT; and Group 4: diabetic rats +100 mg/kg DT [1,5]. Diabetes in
rats was induced according to the previously published method
using streptozotocin (65 mg/kg dissolved in citrate buffer, i.p.)
[1,5]. After 8 weeks, the rats were anesthetized with diethyl
ether and then sacriﬁced. Blood samples were collected from
the heart of animal and allowed to clot, and then centrifuged
at 5 800 r/min for 10 min [1]. This study was approved by the
Research Ethics Committee of Hamadan University of
Medical Sciences, Hamadan, Iran.
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The level of fasting blood glucose was measured by glucose
oxidase method according to the manufacture protocol (Pars
Azmoon Co.). The AGEs formation in diabetic rats was deter-
mined according to the previously published method [4]. The
ﬂuorescence intensity of the samples was determined using
Jasco FP-6200 spectroﬂuorometer at 335 nm and 460 nm
wavelength, for excitation and emission, respectively [4].
2.11. Statistical analysis
Data are expressed as mean ± SEM (n = 3). The comparison
of the obtained data was performed using One-way ANOVA
(followed by Tukey and Dunnett's test). P < 0.05 was regarded
statistically signiﬁcant. IC50 value (50% inhibition) was deter-
mined for antioxidant tests via analysis of regression in Micro-
soft Excel.
3. Results
DT presented signiﬁcant DPPH radical scavenging activity
with an IC50 value of 0.03 mg/mL. At the dose of 1 mg/mL DT
showed signiﬁcant DPPH radical scavenging activity similar to
butylated hydroxytoluene (BHT) and ascorbic acid (Figure 1). In
this experiment DT at 1 mg/mL had FRAP value of 2.72 mmol/
L equivalent to FeSO4.7H2O, while ascorbic acid showed
2.65 mmol/L equivalent to FeSO4.7H2O (Figure 1). As shown in
Figure 1, DT has strong O2
− and H2O2 scavenging activity at a
dose of 0.5 and 1 mg/mL compared with BHT and ascorbic acid.
DT showed signiﬁcant O2
− scavenging activity with an IC50 of
0.075 mg/mL (IC50 of BHT and ascorbic acid was 0.058 andFigure 1. Antioxidant and antiradical activity of DT.
A: DPPH radical scavenging activity; B: FRAP assays; C: Superoxide radical
Metal chelating activity; F: Reducing power activity; G: NO scavenging ac
mean ± SEM.0.03 mg/mL, respectively). DT also showed signiﬁcant H2O2
scavenging activity with an IC50 of 0.065 mg/mL. In this
experiment, DT showed signiﬁcant reducing activity which
increased in higher dose (1 mg/mL); DT showed 96% activity,
more than BHT which showed 93% capacity. The reducing
power of the DT increased in a dose dependent manner, and at
dose of 1 mg/mL it was similar to that of BHT (Figure 1). DT
showed NO scavenging activity in a dose dependent manner.
The IC50 value of DT, BHT and ascorbic acid was 0.069, 0.022
and 0.023 mg/mL respectively (Figure 1).
3.1. Phytochemical analysis
Total phenols, ﬂavonoids and ﬂavonols content of DT was
found to be (190.0 ± 4.4), (151.0 ± 3.5) and (135 ± 3) mg
equivalent of gallic acid (for phenolic) and quercetin (ﬂavonoid
and ﬂavonols) equivalents per gram, respectively. The total
alkaloid of DT was (80 ± 2) mg atropine equivalent per gram;
total anthocyanin content of DT was (28.0 ± 2.2) mg/g; the total
tannins content of DT was (71.0 ± 3.2) mg equivalent of tannic
acid per gram. The total saponin content of DT was
(51 ± 2) mg/g.
3.2. Anti-glycation properties
Incubation of BSA with fructose and DT at the different
doses signiﬁcantly reduced the AGEs formation. Interestingly,
inhibitory effect of 1 and 2 mg of DT was more stronger than
that of aminoguanidine (positive control for anti-glycation ef-
fect) at the 1, 2, 3 and 4 weeks of incubation (Figure 2). Our
study also established that DT markedly reduced fructosamine
levels (Figure 3). Signiﬁcant rise in the carbonyl content andscavenging activity; D: Hydrogen peroxide radical scavenging activity; E:
tivity. Values are the average of triplicate experiments and expressed as
Figure 2. The effect of DT on ﬂuorescent AGEs formation in BSA incubated with 200 mmol/L (A) and 500 mmol/L fructose (B).
Data are expressed as mean ± SEM (n = 3). *: P < 0.05 when compared to BSA/fructose at the same incubation time. AG: Aminoguanidine; Alb: Albumin;
Alb/Fru: Albumin + fructose.
Figure 3. The effect of DT on fructosamine levels in BSA incubated with 200 mmol/L (A) and 500 mmol/L fructose (B).
Data are expressed as mean ± SEM (n = 3). *: P < 0.05 when compared to BSA/fructose at the same incubation time. AG: Aminoguanidine; Alb: Albumin;
Alb/Fru: Albumin + fructose.
Figure 4. The effect of DT on protein carbonyl content in BSA incubated with 200 mmol/L (A) and 500 mmol/L fructose (B).
Data are expressed as mean ± SEM (n = 3). *: P < 0.05 when compared to BSA/fructose at the same incubation time. AG: Aminoguanidine; Alb: Albumin;
Alb/Fru: Albumin + fructose.
Figure 5. The effect of DT on the level of thiol group in BSA incubated with 200 mmol/L (A) and 500 mmol/L fructose (B).
Data are expressed as mean ± SEM (n = 3). *: P < 0.05 when compared to BSA/fructose at the same incubation time. AG: Aminoguanidine; Alb: Albumin;
Alb/Fru: Albumin + fructose.
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incubated with fructose after 1, 2, 3 and 4 weeks. Amino-
guanidine and DT at different doses normalized these markers
(Figures 4 and 5). In this experiment the amyloid cross-bconformation signiﬁcantly increased in glycated samples. DT
and aminoguanidine markedly inhibited amyloid formation in a
dose-dependent manner. However, reduction by DT was more
than that by aminoguanidine (Figure 6). In this experiment, the
Figure 6. The effect of DT on the formation of amyloid cross-b structure in BSA incubated with 200 mmol/L (A) and 500 mmol/L fructose (B).
Data are expressed as mean ± SEM (n = 3). *: P < 0.05 when compared to BSA/fructose at the same incubation time. AG: Aminoguanidine; Alb: Albumin;
Alb/Fru: Albumin + fructose.
Figure 7. Protein fragmentation in BSA incubated with 200 mmol/L
fructose in the presence of Cu+2 ion, aminoguanidine and DT for one week,
detected by SDS-PAGE. Protein fragmentation was reduced by amino-
guanidine and DT compared with BSA/fructose.
Lane A: 10 mg/mL BSA; Lane B: 10 mg/mL BSA + 200 mmol/L fructose;
Lane C: 10 mg/mL BSA + 200 mmol/L fructose + aminoguanidine; Lane
D: 10 mg/mL BSA + 200 mmol/L fructose + DT.
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incubated with aminoguanidine or DT. Fragmentation of albu-
min was detected by SDS-PAGE (Figure 7).
3.3. In vivo study
Fasting blood sugar signiﬁcantly increased in diabetic rats
compared with normal group [(97.0 ± 6.1) vs.
(340.0 ± 7.1) mg/mL, P < 0.001]. Administration of 100 mg/kg
of DT signiﬁcantly declined fasting blood sugar levels
compared with untreated diabetic rats [(210.26 ± 6.38) vs.
(340.0 ± 7.1) mg/mL, P < 0.01]. DT at the concentration of
300 mg/kg signiﬁcantly caused a reduction in blood glucose
levels [(150.26 ± 6.38) vs. (340.0 ± 7.1) mg/mL, P < 0.001].
After 2 months of treatment, AGEs formation considerably
increased in diabetic animals compared with normal group
[(6.87 ± 0.53) vs. (3.49 ± 0.36) AGEs unit, P < 0.01], while
treatment with 300 mg/kg DT signiﬁcantly reduced AGEs
formation compared to untreated diabetic animals
[(5.00 ± 0.45) vs. (6.87 ± 0.53) AGEs unit, P < 0.05].
Reduction of AGEs formation in the animal which received
100 mg/kg DT was not signiﬁcant compared with diabetic
animals [(6.55 ± 0.85) vs. (6.87 ± 0.53) AGEs unit].
4. Discussion
4.1. DPPH free radical scavenging activity
In this experiment, DT showed signiﬁcant DPPH radical
scavenging activity. DPPH is known as a model of lipophilic
radical which is applied for estimation of antioxidant activitybased on ability to act as a hydrogen donor [28]. In the study of
Ramadan et al. [8], water extract of dill at the concentration of
400 mg/mL showed 89.7% DPPH free radical scavenging
activity. In our study DT at the concentration of 0.125, 0.25,
0.5 and 1 mg/mL showed 58.14%, 65.22%, 72.33% and
93.98% DPPH free radical scavenging activity respectively.
4.2. FRAP assay
FRAP assay is a colorimetric method and measures the
reducing ability of antioxidant agents, which reacts with a
complex of colorless oxidized Fe3+ and reduces it to colored
Fe2+-tripyridyltriazine [17]. The data of a study conducted by
Bahramikia and Yazdanparast showed that ethyl acetate
fraction of dill had the maximum and the water extract had
the minimum IC50 values [9]. In this experiment, DT at 1 mg/
mL had FRAP value near to that of ascorbic acid.
4.3. Superoxide anions radical and hydrogen peroxide
scavenging activity
Superoxide anion is the strongest reactive oxygen species
which involves in the pathogenesis of several disorders due to
converting to more reactive species such as hydroxyl radical and
hydrogen peroxide which make oxidative damage and provoke
oxidation of DNA, lipids and proteins [29]. Hydrogen peroxide
itself is not very reactive; nevertheless it can occasionally be
poisonous to body cells since it may form hydroxyl radical in
the cells. Formation of hydroxyl radicals is the origin of many
toxic effects of hydrogen peroxide [21]. Hydrogen peroxide
also directly inhibits several enzymes by oxidation of thiol
groups. DT showed markedly superoxide radical and hydrogen
peroxide scavenging activity. The results of Dadashpour et al.
showed that essential oils of dill had the IC50 value of
0.013 mg/mL [19]. In our study dill showed O2
− scavenging
activity with IC50 values of 0.075 mg/mL.
4.4. Ferrous ions chelating capacity
Fe (II) is recognized as a strong pro-oxidant agent. Transition
of Fe2+ to Fe3+ can motivate reactive oxygen species production
via Fenton reaction (Fe2+ + H2O2 / Fe
3++ OH− + OH) [28].
The ability of DT to chelate Fe2+ is recognized as a precious
antioxidant activity and may provide defense against oxidative
damage by reduction of free radicals production and
consequently lipid peroxidation. In our study, DT showed iron
chelating ability with IC50 values of 0.120 mg/mL.
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Presence of antioxidants in DT is responsible for the reduc-
tion of Fe3+ to Fe2+ by donation of electron. Experiments stated
that reducing power ability of natural components is commonly
correlated with the presence of reductones. Reductones
providing hydrogen atoms lead to breaking of the free radical
chain [18]. These agents are able to react with certain peroxide
precursors and subsequently inhibit the peroxide formation [18].
4.6. NO scavenging activity
In this study, DT showed signiﬁcant NO scavenging activity.
Excess generation of NO is associated with several disorders
[30]. Dadashpour et al. revealed that essential oils of dill had the
IC50 value of 0.001 4 mg/mL and in the concentration of
0.002 mg/mL showed 57.5% ± 3.3% NO scavenging activity
[19]. In our experiment, DT showed NO scavenging activity
with IC50 values of 0.069 mg/mL.4.7. Phytochemical analysis
The beneﬁcial effects of dill may be attributed to the high
amount of total phenolics, ﬂavonoids and ﬂavonols [31].
Polyphenol, ﬂavonoids and ﬂavonols in nutrient or herbal
medicine may be accountable for their antioxidant activity.
Due to redox properties, these agents play a vital role in
adsorption and neutralization of free radicals, reducing singlet
and triplet oxygen or decaying peroxides. The previous study
also showed that ﬂavonoids have antioxidant activity through
scavenging or chelating procedure [31].
Alkaloids have different physiological effect in mammalians.
These agents have hypoglycemic effect by stimulating glucose
transports and subsequently increasing glucose transfer to pe-
ripheral tissue and also stimulation of insulin secretion. Alka-
loids have also antioxidant activity by rises of glutathione
content in the liver [32].
Anthocyanins are water soluble pigments which belong to the
ﬂavonoids and were found in dill. These components have an
important role in the color quality of plants. Anthocyanins have
many pharmacological and biological activities including anti-
oxidant, anti-carcinogenic, and anti-inﬂammatory activities [33].
Tannin has been considered as a secondary component in
plant kingdoms, which is found in dill and have many valuable
properties such as anti-inﬂammatory, anti-carcinogenic, anti-
mutagenic, antiradical, anti-hyperglycemic, cardio-protective,
and antioxidant activity. Tannins by inhibition of reactive oxy-
gen species and AGEs formation play a vital role in remission of
diabetes complications. Chronic use of tannins in diabetic ani-
mals considerably declined blood glucose and improved lipid
proﬁle [34].
Saponin is another biological active component, which is
found in dill and has several pharmacological properties
including motivation of insulin and C-peptide secretion, anti-
oxidant activity, inhibition of AGEs formation and also
normalizing diabetic nephropathy [35].
In the study by Priecina and Karklina [10], the alkaloids,
ﬂavonoids, tannins, and saponins in the seed of dill were
2.8% ± 0.1%, 11.05% ± 0.07%, 19.71% ± 0.28%, and
0.55% ± 0.04% respectively. In the study of Stankevicˇius
et al. [22], the total phenol content in dried dill which grownin Latvia was (1399.8 ± 2.4) mg/100 g, and total ﬂavonoid
content was (650.1 ± 4.8) mg/100 g. In our study, these
components in DT were more than what has been reported by
of Priecina and Karklina [10] and Stankevicˇius et al. [22].
4.8. Anti-glycation properties
Proteins glycation through a non-enzymatic reaction in dia-
betic patients causes AGEs formation which involves in the
diabetic pathogenesis and ageing. In the blood stream, high
levels of glucose lead to glycation of albumin and proposed as a
target to explain harmful effects of hyperglycemia. Some drugs
have been assessed as inhibitors of AGEs formation [36].
Intracellular glycation by fructose takes place in higher rate
compared to that of glucose. Therefore, fructose and its
metabolites are known to be important precursors for
formation of AGEs in the body [37]. Hence in this study, we
used fructose for glycation of BSA. In the early stage of
protein glycation, unstable Schiff's base is converted into
fructosamine (Amadori product). This metabolite is clinically
used for monitoring of hyperglycemia in short time. Decrease
in fructosamine has a beneﬁcial effect for reduction of
vascular complications [37]. Our study established that DT
markedly reduced AGEs formation and fructosamine levels.
Other intermediaries such as reactive carbonyl contents affect
proteins modiﬁcation that generally makes it prone to the
oxidative reaction and consequently stimulates oxidative dam-
age [37,38]. reactive oxygen species generation during glycation
process causes oxidation of amino acid residues in proteins
and forms carbonyl derivatives and also reduces oxidative
defense by declining thiol groups. Oxidation of thiol group in
the protein structure causes conformational modiﬁcation which
forms disulﬁde bonds, and generates high levels of free
radicals [38].
Major molecular changes in the protein structure can be
determined by assessment of carbonyl content and loss of pro-
tein thiol groups, which reﬂected the high levels of free radical
generation [37]. Major rise in the carbonyl content and also thiol
group's oxidation was observed when the BSA was incubated
with 200 and 500 mmol/L fructose. Aminoguanidine and DT
normalized these markers. These properties may be due to
antioxidant and antiradical activity of DT. Other properties
such as iron chelating activity are established as the chief
actions that mediate anti-glycation property. Iron chelating af-
fects decline of reactive oxygen species production, glyco-
xidation and autoxidative glycosylation, and also reduces AGE
cross-link formation [39]. In this experiment, DT displayed
signiﬁcant iron chelating activity. Other approaches proposed
for anti-glycation activity are breaking the cross-linking struc-
ture, decreasing carbonyl groups, Amadori products or Schiff's
bases, and also late-stage Amadori products [39].
We showed antiglycation properties of DT, while previous
studies showed hypolipidemic properties of dill extract and dill
tablet [9,14–16]. Mirhosseini et al. in the randomized clinical trial
study reported that administration of DT for 8 weeks in
hyperlipidemic patients declined total cholesterol by 18% and
triglyceride by 7.38% compared with control group [40];
interestingly the patients did not report any side effects.
Therefore, DT can be used as a hypoglycemic and
hypolipidemic agent.
Sushruta et al. [7] and Mishra [1] showed that aqueous extract
of dill signiﬁcantly declined blood glucose in diabetic animals.
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signiﬁcantly reduced blood glucose and AGEs formation in
diabetic rats. Mobasseri et al. reported that dill has useful
effects on insulin sensitivity and also normalized lipid proﬁles
in diabetic patients [11]. An antidiabetic property of dill has
been reported by Setorki et al. [17], Madani et al. [5] and
Panda [6] in animal models and also in diabetic women by
Rashidlamir and Gholamian [3] and Mobasseri et al [11].
Inhibition of AGEs formation by DT in diabetic animals and
in vivo condition is reported for the ﬁrst time in this experiment.
4.9. Determination of protein aggregation and
fragmentation
Glycation of proteins directly related to protein aggregation.
The aggregated protein is insoluble and can form amyloid
cross-b structure and alter protein stability and structure. For-
mation of amyloid is involved in many disorders such as
Alzheimer, Parkinson, and diabetes. In the majority of diabetic
patients, amyloid accumulates in the pancreatic islets which
can directly destroy b-cell and decrease insulin secretion. In
diabetic patients, formation of amyloid islet is known as a
serious problem and the medical goal is to prevent
amyloidosis-induced toxicity [26].
Incubation of glycated protein with cupper ions was
accompanied by the decrease of protein-bound glucose, pro-
posing that fragmentation of glycated BSA happened at the
expense of BSA-bound glucose [23,27]. Incubation of BSA with
fructose leads to the production of fragments.
Sakai et al. reported that incubation of BSA with
200 mmol/L fructose and cupper ions signiﬁcantly increased
fragmentation of protein, while aminoguanidine signiﬁcantly
inhibited this process [27]. Ahmad et al. reported that aged garlic
extract and S-allyl cysteine considerably reduced AGEs
formation [23], fructosamine levels and also inhibited protein
fragmentation [23]. The limitation of this research was the
measurement of the other group of AGE products which are
non-ﬂorescent compounds.
DT with high antiglycation, antiradical and antioxidant
properties may offer signiﬁcant prospects for the prevention and
treatment of AGE-mediated complications in diabetic patients.
Conﬂict of interest statement
The authors declare no conﬂict of interest.
Acknowledgments
The authors would like to thank the Hamadan University of
Medical Sciences, Hamadan, Iran for ﬁnancial support. This is a
part of E. Abbasi Ph.D thesis with grant number 930126463.
References
[1] Mishra N. Haematological and hypoglycemic potential Anethum
graveolens seeds extract in normal and diabetic Swiss albino mice.
Vet World 2013; 6: 502-7.
[2] Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes estimates for the year 2000 and projections for 2030.
Diabetes Care 2004; 27: 1047-53.
[3] Rashidlamir A, Gholamian S, Javaheri AH, Dastani M. The effect
of 4-weeks aerobic training according with the usage of Anethumgraveolens on blood sugar and lipoproteins proﬁle of diabetic
women. Ann Biol Res 2012; 3: 4313-9.
[4] Kalousova M, Skrha J, Zima T. Advanced glycation end-products
and advanced oxidation protein products in patients with diabetes
mellitus. Physiol Res 2002; 51: 597-604.
[5] Madani H, Ahmady Mahmoodabady N, Vahdati A. Effects of
hydroalchoholic extract of Anethum graveolens (Dill) on plasma
glucose an lipid levels in diabetes induced rats. J Diabetes Metab
Disord 2005; 5: 139.
[6] Panda S. The effect of Anethum graveolens L. (dill) on cortico-
steroid induced diabetes mellitus: involvement of thyroid hor-
mones. Phytother Res 2008; 22: 1695-7.
[7] Sushruta K, Satyanarayana S, Srinivas N, Raja Sekhar J. Evalua-
tion of the blood-glucose reducing effects of aqueous extracts of
the selected umbelliferous fruits used in culinary practices. Trop J
Pharm Res 2006; 5: 613-7.
[8] Ramadan MM, Abd-Algader NA, El-Kamali HH, Ghanem KZ,
Farrag ARH. Volatile compounds and antioxidant activity of the
aromatic herb Anethum graveolens. J Arab Soc Med Res 2013; 8:
79-88.
[9] Bahramikia S, Yazdanparast R. Antioxidant and free radical
scavenging activities of different fractions of Anethum graveolens
leaves using in vitro models. Pharmacologyonline 2008; 2: 219-33.
[10] Priecina L, Karklina D. Natural antioxidant changes in fresh and
dried spices and vegetables. World Acad Sci Eng Technol 2014; 8:
979-81.
[11] Mobasseri M, Payahoo L, Ostadrahimi A, Khaje bishak Y,
Jafarabadi MA, Mahluji S. Anethum graveolens supplementation
improves insulin sensitivity and lipid abnormality in type 2 diabetic
patients. Pharm Sci 2014; 20: 40-5.
[12] Jana S, Shekhawat GS. Anethum graveolens: an Indian traditional
medicinal herb and spice. Pharmacogn Rev 2010; 4: 179-84.
[13] Haghighi B, Kharazizadeh M, Attar MA. Possible involvement of
hepatic phosphatidate phosphohydrolase in themechanisms of actions
of certain antilipemic drugs in rats. Iran J Pharm Res 2007; 6: 273-8.
[14] Hasani-Ranjbar S, Larijani B, Abdollahi M. A systematic review of
Iranian medicinal plants useful in diabetes mellitus. Arch Med Sci
2008; 4: 285-92.
[15] Sahib AS, Mohammad IH, Al-Gareeb AI. Effects of Anethum
graveolens leave powder on lipid proﬁle in hyperlipidemic pa-
tients. Spatula DD 2012; 2: 153-8.
[16] Mansouri M, Nayebi N, Keshtkar A, Hasani-Ranjbar S, Taheri E,
Larijani B. The effect of 12 weeks Anethum graveolens (dill) on
metabolic markers in patients with metabolic syndrome; a ran-
domized double blind controlled trial. Daru 2012; 20: 47.
[17] Setorki M, Raﬁeian-Kopaei M, Merikhi A, Heidarian E,
Shahinfard N, Ansari R, et al. Suppressive impact of Anethum
graveolens consumption on biochemical risk factors of atheroscle-
rosis in hypercholesterolemic rabbits. Int J PrevMed 2013; 4: 889-95.
[18] Salmanian S, Sadeghi Mahoonak AR, Alami M, Ghorbani M.
Phenolic content, antiradical, antioxidant, and antibacterial prop-
erties of hawthorn (Crataegus elbursensis) seed and pulp extract.
J Agric Sci Technol 2014; 16: 343-54.
[19] Dadashpour M, Rasooli I, Seﬁdkon F, Rezaei MB, Darvish Alipour
Astaneh S. Lipid peroxidation inhibition, superoxide anion and
nitric oxide radical scavenging properties of Thymus daenensis and
Anethum graveolens essential oils. J Med Plants 2011; 10: 109-20.
[20] Gu¨der A, Korkmaz H. Evaluation of in-vitro antioxidant properties
of hydroalcoholic solution extracts Urtica dioica L., Malva
neglectaWallr. and their mixture. Iran J Pharm Res 2012; 11: 913-
23.
[21] Kumaran A, Joel Karunakaran R. In vitro antioxidant activities of
methanol extracts of ﬁve Phyllanthus species from India. LWT
Food Sci Technol 2007; 40: 344-52.
[22] Stankevicˇius M, Akuneca I, Jãkobsone I, Maruska A. Analysis of
phenolic compounds and radical scavenging activities of spice
plants extracts. Food Chem Technol 2010; 44: 85-91.
[23] Ahmad MS, Pischetsrieder M, Ahmed N. Aged garlic extract and
S-allyl cysteine prevent formation of advanced glycation end-
products. Eur J Pharmacol 2007; 561: 32-8.
Ebrahim Abbasi Oshaghi et al./Asian Pac J Trop Biomed 2015; 5(9): 720–727 727[24] Mbaebie BO, Edeoga HO, Afolayan AJ. Phytochemical analysis
and antioxidants activities of aqueous stem bark extract of Schotia
latifolia Jacq. Asian Pac J Trop Biomed 2012; 2: 118-24.
[25] Caengprasath N, Ngamukote S, Ma¨kynen K, Adisakwattana S. The
protective effects of pomelo extract (Citrus grandis L. Osbeck)
against fructose-mediated protein oxidation and glycation. EXCLI J
2013; 12: 491-502.
[26] Abedini A, Schmidt AM. Mechanisms of islet amyloidosis toxicity
in type 2 diabetes. FEBS Lett 2013; 587: 1119-27.
[27] Sakai M, Oimomi M, Kasuga M. Experimental studies on the role
of fructose in the development of diabetic complications. Kobe J
Med Sci 2002; 48: 125-36.
[28] Gulçin I. Antioxidant activity of caffeic acid (3, 4-dihydroxycin-
namic acid). Toxicology 2006; 217: 213-20.
[29] Pietta PG. Flavonoids as antioxidants. J Nat Prod 2000; 63: 1035-
42.
[30] Pramod K, Devala RG, Lakshmayya Ramachandra SS. Neph-
roprotective and nitric oxide scavenging activity of tubers of
Momordica tuberosa in rats. Avicenna J Med Biotechnol 2011; 3:
87-93.
[31] Raghuveer C, Tandon RV. Consumption of functional food and
our health concerns. Pak J Physiol 2009; 5: 76-83.
[32] Agrawal R, Sethiya NK, Mishra SH. Antidiabetic activity of al-
kaloids of Aerva lanata roots on streptozotocin-nicotinamide
induced type-II diabetes in rats. Pharm Biol 2013; 51: 635-42.[33] Santos DT, Albarelli JQ, Beppu MM, Meireles MAA. Stabilization
of anthocyanin extract from jabuticaba skins by encapsulation us-
ing supercritical CO2 as solvent. Food Res Int 2013; 50: 617-24.
[34] Serrano J, Puupponen-Pimia R, Dauer A, Aura AM, Saura-
Calixto F. Tannins: current knowledge of food sources, intake,
bioavailability and biological effects. Mol Nutr Food Res 2009;
53: S310-29.
[35] Yin X, Zhang Y, Wu H, Zhu X, Zheng X, Jiang S, et al. Protective
effects of astragalus saponin I on early stage of diabetic nephrop-
athy in rats. J Pharmacol Sci 2004; 95: 256-66.
[36] Cohen MP. Intervention strategies to prevent pathogenetic effects
of glycated albumin. Arch Biochem Biophys 2003; 419: 25-30.
[37] Singh R, Kaur N, Kishore L, Gupta GK. Management of diabetic
complications: a chemical constituents based approach.
J Ethnopharmacol 2013; 150: 51-70.
[38] Singh R, Barden A, Mori T, Beilin L. Advanced glycation end-
products: a review. Diabetologia 2001; 44: 129-46.
[39] Nagai R, Murray DB, Metz TO, Baynes JW. Chelation: a funda-
mental mechanism of action of AGE inhibitors, AGE breakers,
and other inhibitors of diabetes complications. Diabetes 2012; 61:
549-59.
[40] Mirhosseini M, Baradaran A, Raﬁeian-Kopaei M. Anethum
graveolens and hyperlipidemia: a randomized clinical trial. J Res
Med Sci 2014; 19: 758-61.
